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ABSTRACT : 

PROBLEM TO BE SOLVED: To obtain a uniform nonlinear response of a 
super-resolution exposure filter, by forming on a transparent 
substrate a 

super-resolution film which responds nonlinearly to the intensity of 
its 

incident beam and forms its transmitted beam having a sectional area 
smaller 

than the one of its incident beam, and by forming on the super- 
resolution film 
a dielectric film. 

SOLUTION: On a glass disk 11 subjected to an optical polishing as 
a super - 

resolution film 12, an Sb film is deposited by a sputtering, and as a 
dielectric film 13, a polydimethylsiloxane film is subjected thereon 
to a 

spin-coating to create a super-resolution exposure filter. The 
super-resolution exposure filter obtained in this way is so adhered 



5/7/07, EAST Version: 2.1.0.14 



in a vacuum 

state a double- layer resist having a high resolution which is formed 
on an 

ordinary semiconductor as to contain no bubble in the interface 
between them, 

and a minification exposure of 25% is applied to the filter. After 
the 

exposure, the super-resolution exposure filter can be peeled simply 
from its 

end portion. As a result, a pattern can be formed with an excellent 
resolution, and any nonlinear film can be removed easily. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the super resolution exposure filter and pattern 
formation which can realize detailed lithography across the diffraction limitation of light. 
[0002] 

[Description of the Prior Art] The method of using approaching space light as a lithography method 
using the so-called super resolution of realizing detailed lithography beyond the diffraction limitation of 
light is learned. There are an approach (JP,7- 106229, A) using the probe which has minute opening, and 
a method (JP,8- 179493, A) of placing a mask at a short distance extremely at a resist, in order to raise a 
throughput more as such an approach. However, since contraction exposure which is the mainstream of 
current lithography cannot be performed by the approach of placing a mask at a short distance, mask 
manufacture is difficult. 

[0003] On the other hand, although the approach of applying on a resist the thin film with which it 
responds to the reinforcement of incident light nonlinearly, and light transmittance increases is proposed 
by JP,9-7935,A as a method in which contraction exposure is possible, when it applies directly on a 
resist, a problem does not occur, but the big inorganic material of nonlinearity is restricted extremely. 
Moreover, although nonlinearity changed with membranous thickness or homogeneity a lot, irregularity 
was shown in the front face of the resist film, and it was usually difficult [ it ] on such a resist to obtain 
the nonlinearity film of uniform thickness. Moreover, although the nonlinearity film needed to have it 
removed at the time of resist development, it was difficult and the resist film with which it was removed 
had the trouble that reuse was impossible etc. 
[0004] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is solving the trouble of the 
expressed conventional technique the account of a top. That is, it is in offering the approach of making a 
super resolution exposure filter like reuse of the nonlinear film being possible, and the overly detailed 
pattern by super resolution exposure forming being able to use the big inorganic material of 
nonlinearity, and it being possible to obtain a uniform nonlinear response, and possible [ removing the 
nonlinearity film easily after exposure ]. 
[0005] 

[Means for Solving the Problem] [Summary of the Invention] 

The nonlinear response of the super resolution exposure filter of <summary> this invention is carried out 
to the reinforcement of incident light formed on the transparence substrate and this transparence 
substrate, and it is characterized by coming to provide the super resolution film which forms the 
transmitted light of the cross section smaller than the exposure cross section of this incident light, and 
the dielectric film formed on this super resolution film. 

[0006] Moreover, the nonlinear response of the pattern-formation approach of this invention carries out 
to the reinforcement of incident light formed on a transparence substrate, and it is characterized by to 
consist of the process which sticks on a resist the super-resolution exposure filter which has the super- 
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resolution film which forms the transmitted light of the cross section smaller than the exposure cross 
section of this incident light, the process which exposes said resist from a super-resolution exposure 
filter, a process which removes a super-resolution exposure filter, and a development process. 
[0007] According to <effectiveness> this invention, it becomes possible to obtain a uniform nonlinear 
response, and to be able to form a pattern in the resolution superior to conventionally, and to remove the 
nonlinearity film (super resolution exposure filter) easily with the super resolution exposure filter which 
has the uniform super resolution film, reusable [ the nonlinear film ]. 
[0008] [Concrete explanation of invention] 

The nonlinear response of the super resolution exposure filter of <super resolution exposure filter> this 
invention is carried out to the reinforcement of incident light formed on the transparence substrate and 
this transparence substrate, and it is characterized by coming to provide the super resolution film which 
forms the transmitted light of the cross section smaller than the exposure cross section of this incident 
light, and the dielectric film formed on this super resolution film. 

[0009] In the super resolution exposure filter of this invention, if a transparence substrate has sufficient 
transparency to the light used for exposure, the thing of arbitration can be used for it. although sufficient 
transparency cannot generally be said since it changes with the reinforcement of the exposure light 
source, the purposes of exposure, etc., it is the transmittance of a transparence substrate and, generally 
comes out 90% or more preferably 70% or more. As an ingredient of such a transparence substrate, 
either an organic material, inorganic materials or those mixture can be used. 
[0010] As an organic material which can be used for a transparence substrate For example, vinyl 
alcohol, polyvinyl acetals, and polyvinyl butyrals, 3 tetrafluoroethylene resin and ethylene resin 
fluoride, fluoride ethylene propylene resin, Polyvinylidene fluoride resin, polyvinyl fluoride, a 
tetrafluoroethylene par PURUORO alkoxy ethylene copolymer, A tetrafluoroethylene purple OROARU 
kill vinyl ether copolymer, Tetrafluoroethylene copolymers, such as tetrafluoroethylene and a 6 fluoride 
propylene copolymer, and a tetrafluoroethylene ethylene copolymer, Fluororesins, such as fluorine- 
containing poly benzooxazole, and acrylic resin Acrylonitrile, such as methacrylic resin, a 
polyacrylonitrile, and acrylonitrile-butadiene-styrene copolymer, army coalesce, Polystyrene, a styrene 
acrylonitrile copolymer, acetal resin, Polyamides, such as Nylon 66, polycarbonates, and polyester 
carbonate Cellulosic resin, phenol resin, urea resins, and epoxy resins Unsaturated polyester resins, 
alkyd resins, melamine resin, and polyurethane Diaryl phthalate, polyphenylene oxide, and 
polyphenylene sulfides Polysulfones, polyphenyl ape phons, silicone resin, polyimide, bismaleimide 
triazine resin, polyimidoamides, polyether imide, polyvinyl carbazoles, norbornene system amorphous 
polyolefine, and others are mentioned. 

[001 1] Moreover, the typical example of the inorganic material which can be used for a transparence 
substrate is inorganic glass, and, specifically, silicic-acid glass, silicic-acid alkali glass, soda lime glass, 
potash lime glass, lead glass, barium glass, borosilicate glass, and others are mentioned. 
[0012] One desirable as a transparence substrate has [ among these ] high thermal resistance, and it is 
inorganic glass which can produce the super resolution film to homogeneity. 

[0013] As for these transparence substrates, it is desirable that the super resolution film and refractive 
index which carry out a postscript are near. Since the refractive index of the super resolution film is 
generally high, when the ingredient of a transparence substrate is the organic substance, it is desirable 
that the ring to which a refractive index becomes high is included. It is desirable that the ratios of the 
refractive index of the refractive index / super resolution film of a transparence substrate are 0.4-1 .0, 
and, more specifically, it is more desirable that it is 0.6-1.0. 

[0014] Moreover, the super resolution film is arranged on these transparence substrates. Generally these 
transparence substrates have a smooth front face, and although the super resolution film prepared on it 
will also tend to become uniform, it is desirable to carry out smoothing processing of the front face of a 
transparence substrate so that the super resolution film may turn into film of more uniform thickness. 
Here, especially the approach of making the front face of a transparence substrate smooth is not limited. 
[0015] In the super resolution exposure filter of this invention, the nonlinear response of the super 
resolution film is carried out to the reinforcement of incident light, and it has the nonlinearity which 
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forms the transmitted light of a path smaller than the diameter of an exposure of this incident light. Such 
nonlinearity is based on what is depended for example, on photon mode, and heat mode. 
[0016] Photon mode means the nonlinearity which happens when light is irradiated at the ingredient 
from which permeability and a refractive index change with optical reinforcement. In this case, the light 
absorption nature compound of lOnsor more ** is usually more preferably used for the super resolution 
film for the life of a photochromic compound or an optical-pumping kind Ins or more. 
[0017] Generally there are intensity distribution in exposure light, and the optical reinforcement of a part 
for the core of a spot is the largest. For this reason, in the super resolution film by which the optical 
exposure was carried out, by part for the core where optical reinforcement is large, a light absorption 
nature compound absorbs light and reduction in an absorbance becomes the largest. Therefore, exposure 
light can reach early more to the interior of the super resolution film in a part for a core. For this reason, 
the breadth of the depth direction of the reduction part (namely, transparence field) of an absorbance 
will be accelerated more rather than a perimeter, and the amount of core will come out from the opposite 
side of the super resolution film with which the optical exposure of the emission light which finally has 
a diameter of a spot much smaller than exposure area was carried out. If what extracted semiconductor 
laser even to wavelength level by the lens system is used for exposure light, the diameter of a spot of 
synchrotron orbital radiation can be set to lOOnm or less. 

[0018] A photochromic compound changes to the compound which absorbs exposure light and absorbs 
the light of wavelength with an another exposure light. When light is irradiated by using such a 
photochromic compound for the super resolution film, a narrower transparent field can be created to the 
exposure area of exposure light. Although such photochromism is classified into a geometrical 
isomerism-ized reaction, a closing motion ring reaction, the dissociative reaction, etc. from change of 
the molecular structure, which the mechanism may be used. Moreover, as a photochromic compound, 
although you may be whichever of the organic substance and an inorganic substance, it is desirable that 
reacting weight child yield is high to exposure light. 

[0019] Moreover, heat mode means the nonlinearity which happens when light is irradiated at the 
ingredient from which permeability and a refractive index change at temperature. In this case, the super 
resolution film is heated by incident light, permeability and a refractive index change with phase 
changes, and the cross section of synchrotron orbital radiation becomes small like the case where it is in 
aforementioned photon mode. 

[0020] Although the super resolution film which can be used for the super resolution exposure filter of 
this invention has nonlinearity which was described above, that [ its ] whose cross section of 
synchrotron orbital radiation is 1/5 or less to the cross section of incident light is desirable, and what is 
1/50 or less is more desirable. It can be chosen as arbitration from the group which consists of an 
organic material which has such non-linearity, and an inorganic material as an ingredient which can be 
used for the super resolution film of this invention. As an organic material which can be used for the 
super resolution exposure filter of this invention, the following can be mentioned, for example. 
[0021] (a) SUPIRO oxazine ** - [Formula 1] 
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[Formula 12] 
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(52) 




/ (53) 




(54) 



(55) 



[0022] (b) diaryl ethene ** -- [Formula 15] 
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[0024] (d) indigo ** -- [Formula 21] 




[0025] (e) SUPIRO pyran ** -- [Formula 22] 
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\ (89) 




\ (91) 





(92) 



[0026] (f) cyclophane ** -- [Formula 23] 
<IMG SRC="getimg.ipdl? 

N0000=15&N0001=web320&N0002=001&N0003=JPA413057329_000025.gif&N0004=20070508003^ 
WIDTH= M 376" HEIGHT="260" ALT="ID=000025"> 



[0027] ^ chalcone ** - [Formula 24] 

(97) 





[0028] (h) Condensed multi-ring compound [** 25] 
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[0029] (i) ~ carbocyanine ** - [Formula 26] 
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U °°< Hd 

C2H 6 ^N^v Hgq/ 




ao 4 _ ^ _ „ {116) 
[0032] {l) tetra-carbocyanine ** -- [Formula 29] 

(117) 

2 OCOCH, <Lh« 

CK> 4 




NT rCH=CH^Hj^CH^H'(OC' 
C 2 H 5 2 icOCHj ijHg 



[0033] (m) PENTA carbocyanine ** -- [Formula 30] 

HgC CBj H3C CH3 





[0034J (n^styryl ****** - [Formula 31] 




1 JL /T~\ , CH 3 

H3C'^O^CH=CH-^ N )— N (119 ) 

% ~ / V CH3 




JlAcH=Ch^^>-N CH3 (120) 

CO- w *°sO-C 1,2,1 



HsCj-nT YfCH^CHnf^W (,22| 

.. c.o.- W CH » 
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[0035] (o) coumarin ****** - [Formula 32] 



(123) 



H5C2— Nh 




(125) 



[0036] (p) porphyrin ****** - [Formula 33] 




(126) 



CCT X»Zn£fcliMg 
[0037] jq) ********** .. [Formula 34] 

(127) /~W~W\ 




[0038] (r) SUKUARIUMU ****** - [Formula 35] 

Or /-n X ^ 5*0 




(131) 



[0039] (s) pyranon 



****** 



[Formula 36] 
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(132) 



[0040] (t) KARUBO styryl **** -- [Formula 37] 




[0042] (v) -- scintillator ****** - [Formula 39] 




[0043] Moreover, as an inorganic material which can be used for the super resolution film of this 
invention, Si, Se, germanium, Sb, AlGaAs, GaAs, AlInAs, GalnAs, GaInP2, InP, PbS and ZnS, ZnSSe, 
ZnTe, As2SeTe2, As2Te3, CdS and ZnO, CdTe, ZnCdTe, CdSSe, CdSe, CuInSe2 and CuS, and others 
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are mentioned, for example. 

[0044] Even if independent as it is, it is mixable, and it can be made to be able to distribute in various 
matrices as a particle, and the ingredient which has such nonlinearity can be used. The desirable gestalt 
changes with ingredients. Moreover, although the ingredient which has such nonlinearity forms the 
super resolution film on the aforementioned transparence substrate, a means to make the super 
resolution film form on a transparence substrate is arbitrary. Although it depends for this means also on 
the gestalt of a nonlinear ingredient, it is common spreading, a sputtering technique, a CVD method, and 
to depend in addition to this. 

[0045] As an ingredient which can be used for the dielectric film of the super resolution exposure filter 
of this invention, the organic substance and inorganic substances, or these hybrid objects can be used. 
As these examples, there are some which were mentioned as an ingredient of the aforementioned 
transparence substrate. 

[0046] The refractive index of a dielectric film has a desirable direction near the super resolution film 
like a transparence substrate. Since the refractive index of the super resolution film is generally high, 
when using the organic substance for a dielectric film ingredient, the thing containing the ring to which 
a refractive index becomes high is desirable. It is desirable that the ratios of the refractive index of the 
refractive index / super resolution film of a dielectric film are 0.5-1.5, and, more specifically, it is more 
desirable that it is 0.8-1.2. 

[0047] Moreover, in order to make this super resolution film and a resist easy to stick, and in order to 
make a super resolution exposure filter easy to strip from a resist easily after exposure, as for the 
dielectric film formed on the super resolution film, it is desirable that the glass transition temperature of 
this dielectric film is low. If glass transition temperature is low, the adhesion of the super resolution film 
and the resist film can go up, and a minute pattern can be made to form. It is desirable that the glass 
transition temperature of a dielectric film is 30 degrees C or less, and, specifically, it is more desirable 
that it is 10 degrees C or less. 

[0048] Moreover, as for the super resolution exposure filter of this invention, it is desirable that the 
thermal resistance in atmospheric air is still higher. That is, it is desirable that each thermal resistance of 
the transparence substrate which constitutes the super resolution exposure filter of this invention, the 
super resolution film, and a dielectric film is high. When the super resolution exposure filter was 
excellent in thermal resistance and a super resolution exposure filter is put to the bottom of a high 
temperature service, deformation, denaturation, decomposition, and other change are not carried out, but 
it becomes usable even if the super resolution film has heat considerably. It becomes possible to carry 
out incidence of the light of a high energy consistency as a result, and higher productivity can be 
expected. It is desirable that each of a transparence substrate, the super resolution film, and a dielectric 
film is stable above 300 degrees C, and, specifically, it is more desirable that it is stable above 350 
degrees C. 

[0049] The nonlinear response of the pattern- formation approach of <pattern-formation approach> this 
invention carries out to the reinforcement of incident light formed on a transparence substrate, and it is 
characterized by to consist of the process which sticks on a resist the super-resolution exposure filter 
which has the super-resolution film which forms the transmitted light of the cross section smaller than 
the exposure cross section of this incident light, the process which expose said resist from a super- 
resolution exposure filter, a process which remove a super-resolution exposure filter, and a development 
process. 

[0050] In the pattern formation approach of this invention, a transparence substrate and the super 
resolution film can use the above mentioned thing and the same thing. The super resolution film is made 
to form on this transparence substrate, and that super resolution film is stuck on a resist front face. 
[0051] The resist ingredient of general arbitration can be used as a resist here. A resist ingredient may be 
a positive type or may be a negative mold. 

[0052] When sticking the super resolution film on a resist front face, you may make it stick through 
dielectric materials between them, here — what has dielectric materials [ be / the same as that of said 
dielectric materials carried out / it ] — it can be with an organic material preferably. Dielectric materials 
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may be made to exist as film on the super resolution film or a resist front face beforehand, may oppose a 
resist and the super resolution film, and it may be filled up with them between them. When such 
dielectric materials exist, it becomes easy to raise the adhesion of the super resolution film and a resist, 
and to strip a super resolution filter from a resist after exposure. Moreover, it also becomes possible at 
this time to repeat and use the stripped super resolution film. 

[0053] Development responds with a resist ingredient etc. and is performed by the suitable developer. 
The developer used can be chosen from a general thing as arbitration. 

[0054] Such a pattern formation approach enables it to expose a resist through the uniform super 
resolution film. Therefore, it becomes possible to carry out the contraction imprint of the pattern of a 
reticle correctly, and 200nm or less of resolution specifically becomes possible [ the more detailed thing 
for which resolution forms the pattern of lOOnmor less ** ] more preferably. 
[0055] 

[Example] It is as follows when an example explains this invention to a detail further. 
[0056] The sectional view of the super resolution exposure filter shown in example 1 drawing 1 by this 
example was shown. On the glass disk 1 1 with a diameter [ of 120mm ] by which optical polish was 
carried out, and a thickness of 0.6mm, as super resolution film 12, the spatter vacuum evaporationo of 
the Sb film was carried out so that it might become lOOnm thickness. The spin coat was carried out so 
that it might become 50nm thickness about the poly dimethylsiloxane film as a dielectric film 13 on it, 
and the super resolution exposure filter was created. 

[0057] Thus, the obtained super resolution exposure filter was stuck so that air bubbles might not go into 
the bilayer type resist of the high resolution formed on the usual semi-conductor under a vacuum, and 
contraction exposure was performed 25% using i line. The super resolution exposure filter was able to 
be stripped after exposure more easily than an edge. 

[0058] The pattern with a line breadth of 0.07 microns was able to be made to form without change of 
the wave of a line, or line breadth by developing the resist after exposure by the usual approach. 
[0059] On the glass disk 1 1 with a diameter [ of 120mm ] by which example 2 optical polish was carried 
out, and a thickness of 0.6mm, the film which distributed in the polycarbonate the compound shown 
with a chemical formula (1) as super resolution film 12 was applied so that it might become lOOnm 
thickness. The spin coat was carried out so that it might become 50nm thickness about a polystyrene- 
butadiene copolymer as a dielectric film 13 on it, and the super resolution exposure filter was created. 
[0060] Thus, the obtained super resolution exposure filter was stuck so that air bubbles might not go into 
the bilayer type resist of the high resolution formed on the usual semi-conductor under a vacuum, and 
contraction exposure was performed 25% using i line. Next, after moving 0.2 microns of semi-conductor 
substrates using a piezo-electric element, it exposed again. The super resolution exposure filter was able 
to be easily stripped after exposure. 

[0061] The pattern with a line breadth of 0.1 microns was able to be made to form without change of the 
wave of a line, or line breadth at intervals of 0.2 microns by developing the resist after exposure by the 
usual approach. 

[0062] The film which distributed in the polycarbonate the diameter of 120mm by which example 3 
optical polish was carried out, and the compound shown with a chemical formula (1) as super resolution 
film 12 on the glass disk 1 1 of 0.6mm of**** was applied so that it might become lOOnm thickness. It 
was made to vapor-deposit by the sputtering technique so that it may become 50nm thickness about the 
ZnO film as a dielectric film 13 on it, and the super resolution exposure filter was created. 
[0063] This super resolution exposure filter was stuck so that air bubbles might not go into the bilayer 
type resist of the high resolution formed on the usual semi-conductor under a vacuum, and contraction 
exposure was performed 25% using i line. Next, after moving 0.2 microns of semi-conductor substrates 
using a piezo-electric element, it exposed again. The super resolution exposure filter was able to be 
easily stripped after exposure. The pattern with a line breadth of 0.1 microns was able to be made to 
form without change of the wave of a line, or line breadth at intervals of 0.2 microns by developing a 
resist by the usual approach. 

[0064] It was made to vapor-deposit by the sputtering technique, and the super resolution exposure filter 
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was created so that it might become lOOnm thickness about Sb film as super resolution film 12 on the 
glass disk 1 1 with a diameter [ of 120mm ] by which example 4 optical polish was carried out, and a 
thickness of 0.6mm. 

[0065] Thus, the glass disk was stripped, after making it stick so that air bubbles may not enter and 
performing contraction exposure 25% using i line, heating the obtained super resolution exposure filter 
under a vacuum to the bilayer type resist of the high resolution formed on the usual semi-conductor. The 
pattern with a line breadth of 0.1 microns was able to be made to form without change of the wave of a 
line, or line breadth by developing a resist [ finishing / exposure ] by the usual approach. 
[0066] It vapor-deposited by the sputtering technique and the super resolution exposure filter was 
created so that it might become lOOnm thickness about Sb film as super resolution film 12 on the glass 
disk 1 1 with a diameter [ of 120mm ] by which example 5 optical polish was carried out, and a thickness 
of 0.6mm. 

[0067] On the other hand, the bilayer type resist of the high resolution formed on the usual semi- 
conductor and the resist which consists of poly dimethylsiloxane film of 50nm thickness formed on it 
were prepared, and under the vacuum, the aforementioned super resolution exposure filter was stuck to 
this so that air bubbles might not enter. The glass disk was stripped after performing contraction 
exposure for this resist 25% using i line. The super resolution film was able to be stripped attaching on a 
glass substrate finely. The pattern with a line breadth of 0.1 microns was able to be made to form 
without change of the wave of a line, or line breadth by developing a resist by the usual approach. 
[0068] It was made to vapor-deposit by the sputtering technique, and the resist was created so that it 
might become lOOnm thickness about Sb film as super resolution film 12 on the bilayer type resist of the 
high resolution formed on the example of comparison 1 semi-conductor. After performing contraction 
exposure for this resist 25% using i line, from the acid, dissolution removal was carried out and Sb film 
was developed succeedingly. Although the pattern with a line breadth of 0.07 microns was able to be 
made to form on the average, it was admitted that there was a wave of a line and it was changing from 
line breadth 0.04 in 1.2 microns. 
[0069] 

[Effect of the Invention] According to this invention, it is as having described above in the term of 
[Summary of the Invention] that it becomes possible to be able to form a pattern in the resolution 
superior to conventionally, and to remove the nonlinearity film easily reusable [ the nonlinear film ]. 

[Translation done.] 
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